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Abstract
Background: Chronic colitis-harboring TCRa
2 / 2 £ AIM
2 / 2 mice showed PBC-like bile duct damage in the liver.B acterial
infection is one of the candidates for the pathogenesis of PBC. We demonstrated that the bacterial cell wall component
lipotheicoic acid (LTA)w as detected at sites of inﬂammation around damaged bile ducts in PBC patients. The aim of this
study was to investigate the pathophysiology of the liver and other organs in TCRa
2 / 2 £ AIM
2 / 2 mice.
Methods: Thirteen female TCRa
2 / 2 £ AIM
2 / 2 mice weresacriﬁced at24weeksof age. The liver,stomach, small intestine,
colon, pancreas, kidney and spleen were studied for pathological examination. Using anti-LTA antibody as the primary
antibody,a ni mmunohistochemical study was carried out.
Results: In the liver, LTAw as mainly detected in the portal area with inﬂammation, and some of the cytoplasm of
hepatocytes. Inﬂammations were also observed in the stomach, intestine, pancreas and kidney.T hroughout the
gastrointestinal tract, from the stomach to the colon, LTAw as detected in the epithelium at sites of inﬂammation.
Furthermore, LTAw as detected around both pancreatic ducts with inﬂammation and distal renal tubules with inﬂammation.
Conclusions: The development of inﬂammations in the liver as well as extensive organs, strongly suggests ac lose
relationship between bile duct damage and systemic multifocal epithelial inﬂammations, perhaps involving bacterial LTA, in
TCRa
2 / 2 £ AIM
2 / 2 mice.
Keywords: TCRa
2 / 2 mice, LTA, primaryb iliaryc irrhosis,p rimarys clerosing cholangitis,m ultiple organ dysfunction
syndrome (MODS)
Introduction
Intrahepatic bile ducts are targets for inﬂammation in
both primaryb iliary cirrhosis (PBC) and primary
sclerosing cholangitis (PSC), yett he mechanismso f
biliary epithelial cell damage in these diseases are not
clearly understood.W ep reviouslyr eportedt hat
defects in apoptosis inhibitor expressed by macro-
phages (AIM) affected portal inﬂammation as well as
biliary epithelial cell damagei nt he liver in colitis-
harboring female TCR a -deﬁcient (TCRa
2 / 2 )m ice
[1].A lthough the TCR a
2 / 2 mouse is an ulcerative
colitis (UC)-like colitis-harboring mouse,t he pattern
of bile duct damage was closer to PBC in TCR a
2 / 2
£ AIM
2 / 2 double-knockoutm ice.
AIM is an apoptosis inhibitoryf actor belonging to
them acrophage scavenger receptor cystein-rich
superfamily (SRCR-SF), which is solely secreted by
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Autoimmunity,J uly 2007; 40(5): 372–379Figure 1. Immunohistochemical staining of LTAi nT CRa
2 / 2 £ AIM
2 / 2 mouse liver. (a) At al ower magniﬁcation,L TA immunoreactivity
was prominent in the portal areas, but not in hepatic sinusoidal cells.( b) In the same sample, at ah igher magniﬁcation of the portal area, LTA
Multifocal organ inﬂammation with LTA 373tissuem acrophages [2].S RCR-SFm embers play
important roles in the uptake and clearanceo fe ffete
components, such as modiﬁed host molecules and
apoptotic cells [3,4]. Recently,A rai et al. reported that
AIM (same as Spa /Api6) expression was under the
regulation of liver Xr eceptors( LXR)/retinoidX
receptors( RXR) in macrophages[ 5]. Joseph et al.
reportedt hat the LXRt arget gene, Spa (i.e. AIM),
was induced during Listeria monocytogenes infection
[6]. LXRs are positive regulatorso ft he SRCR family
memberS P a .L XR-dependent gene expression plays
variousr oles in innate immunity.V alledor et al.
showed that common nuclearr eceptor transcriptional
pathwaysm ay be utilized to facilitate the clearance of
apoptotic cells and bacterial pathogens, and that
bacteriali nfection induces AIMe xpressionv ia
LXR/RXRa ctivation [7].
Recently,t he relationship betweenb acteriaa nd the
pathogenesis of PBC[ 8],i np articulare nterobacterial
antigens [9], hasb eenr eported. Tuneyama et al.
reported that theb acterial cellw allc omponent
lipotheicoic acid (LTA)w as detected around thep ortal
tracta nd sinusoidal cells[ 10]. We also reported that
LTAw as detected at thep ortalt ract in stage1–2PBC
with chronicn on-suppurative destructivec holangitis
(CNSDC). In ouro bservation,t he pattern of LTA
localization dependso nt he pathological stage, with
marked differencesb etween stages [11].O nt hisb asis,
wespeculatedthatLTAmightaffectthepathogenesisof
thei nﬂammatory cellular inﬁltrationa nd focald isrup-
tion of theb asementm embranei nt he portal area in
TCR a
2 / 2 £ AIM
2 / 2 mice.T he aimo ft he present
studyw as to investigatet he effect of LTAo nb iled uct
damage in TCR a
2 / 2 £ AIM
2 / 2 mice.F urthermore,
we investigated thep athological alteration andl ocaliz-
ationo fL TA in extensiveo rgansi nt hese TCR a
2 / 2
£ AIM
2 / 2 mice.Fromtheaspectofsystemicmultifocal
organi nﬂammation,t he role(s)o fL TA in thei nitiation
and/or progressionofinﬂammation,not onlyintheliver
buta lsoi no ther organs of theseT CRa
2 / 2 £ AIM
2 / 2
mice,m ight be of interest.
Materials and methods
Mice
TCR a
2 / 2 mice were from am ixed C57BL/6J £ 129
genetic background ando btainedf rom
TheJ ackson Laboratory (Bar Harbor,M E, USA).
TCR a
2 / 2 £ AIM
2 / 2 miceweregeneratedinthe Basel
Instituteo fI mmunology (Basel, Switzerland) by
interbreedingo fT CRa
2 / 2 andA IM
2 / 2 single-gene-
deﬁcient mice (kindg iftf romD rM iyazaki).M icew ere
bred andm aintainedi naspeciﬁcp athogen-free animal
facilityattheBaselInstituteforImmunologyuntilabout
8w eeks of age. They were then transferred and
maintained in as emi-speciﬁcp athogen-free animal
facilitya tt he TokyoW omen’s MedicalU niversity
(Tokyo, Japan).A ll animal experimentsw erea pproved
by theR esearchE thicsC ommittee of TokyoW omen’s
MedicalU niversity[ 1].
Tissue preparation
Female micew ere used for the experiments. Thirteen
TCR a
2 / 2 £ AIM
2 / 2 mice at 24 weeks of age were
used for the experiments. Micew ere sacriﬁced under
deep anesthesiau sing diethyl ether.L iver, stomach,
small intestine, colon, pancreas, kidney and spleen
tissues were taken, ﬁxed in 10%f ormalin, and
embedded in parafﬁn. Multiple 4-m m-thicks ections
cutf rom thef ormalin-ﬁxed,p arafﬁn-embedded
tissues were used for pathological examinations. As
for the control, wild-type (TCRa
þ / þ £ AIM
þ / þ ,i .e.
C57BL/6J) mice liver was studied for immunochemi-
cal staining.
Pathology
Sections were stainedw ith hematoxylin–eosin (H&E)
for light microscopic examination. Serial sections were
subjected to immunohistochemicals taining with
polyclonal rabbit anti-LTA antibody as the primary
antibody (Biogenesis Inc., Kingston, NH, USA) at
1:500 dilution. These sections were thens tained by a
peroxidase techniqueu sing aV ectastain Elite ABC Kit
(VectorL ab., Burlingame, CA, USA) following the
manufacturer’si nstructions.T hese sections were then
stained with hematoxylin [11].
Results
Pathological ﬁndings
Liver.A sw ep reviously reported, necroinﬂammatory
changes in hepatic lobules were subtle [1]. LTA
immunoreactivity was detectablei nt he livers of 5o f
13 (38.4%) TCR a
2 / 2 £ AIM
2 / 2 mice. At al ower
magniﬁcation,immunoreactivity was prominent in the
portal areas, butn ot in hepatics inusoidalc ells
immunoreactivity was observed in the cytoplasm of polymorphic inﬂammatoryc ells.H &E staining of the same bile duct is showni nt he right
lower corner.( c) In another TCRa
2 / 2 £ AIM
2 / 2 mouse liver, LTAw as detected in the cytoplasm of bile duct epithelial cells (arrowheads),
and connectivet issue of Glisson’ss heath. (d) The left lowerc orner showsH &E staining of the portal tract. Red blood cells and white blood
cells can be observedi nt he portal vein branch. (P: portal vein).A morphous materials were intermingled with blood cells in the lumens of the
portal vein branch (arrows).(e) In the hepatic lobules, LTAwas mainly located in the hepatocytes adjacent to the central vein. (C: central vein,
P: portal vein). (f) In the same sample, at ah igher magniﬁcation of the hepatic lobules, LTAl ocalizationsw erec learly observede ach of the
single hepatocytes (C: central vein).( g) LTAi mmunoreactivity was not detectable in wild-type (C57BL/6J) mice liver.
R
I. Haruta et al. 374(Figure1a).Atahighermagniﬁcationoftheportalarea,
LTAimmunoreactivitywasobservedinthecytoplasmof
polymorphic inﬂammatoryc ells (Figure1 b),i nt he
cytoplasm of bile duct epithelial cells( Figure 1c), in
amorphous materialsi ntermingledw ithb lood cellsi n
thel umenso ft he portal vein branches (Figure1 d),a nd
in thec onnectivet issueo fG lisson’s sheath (Figure1 c).
At ah igherm agniﬁcationo ft he hepaticl obules,L TA
wasm ainlyl ocated in theh epatocytes adjacent to the
centralv eins (Figure1 e,f). LTAi mmunoreactivityw as
notdetectablein3of 3w ild-type(C57BL/6J)miceliver
(Figure1 g).
Stomach .I nt he stomach,m ild polymorphic
inﬂammatoryc ellular inﬁltrates were observed both
in mucosal ands ubmucosal layersi na ll TCR a
2 / 2
£ AIM
2 / 2 mice( Figure 2a). LTAi mmunoreactivity
was detectable in the proper mucosall ayer of all
TCR a
2 / 2 £ AIM
2 / 2 mice. LTAw as localizedi nt he
cytoplasm of both the fundic gland epithelial cellsa t
the basalr egions (Figure 2a,b) and polymorphic
inﬂammatory cells.I nt he submucosall ayer,
immunoreactivity to LTAw as observedi nt he
cytoplasm of inﬂammatoryc ellsa nd the stromal
connective tissues (Figure 2a).
Figure 2. Pathological ﬁndings and immunohistochemical staining of LTAi nt he gastrointestinal tract of TCRa
2 / 2 £ AIM
2 / 2 mice. (a) In
the stomach, mild polymorphic inﬂammatoryc ellular inﬁltrates wereo bservedi nb oth mucosal and submucosal layersi na ll of the TCRa
2 / 2
£ AIM
2 / 2 mice. LTAi mmunoreactivity was detectable in the proper mucosal layer. LTAw as localized in the cytoplasm of both the fundic
gland epithelial cells at the basal regionsand polymorphic inﬂammatoryc ells.In the submucosal layer, immunoreactivity to LTAwas observed
in the cytoplasm of inﬂammatoryc ells and the stromal connectivet issues.( b) At ah igher magniﬁcation,L TA was localizedi nt he cytoplasm of
both the fundic gland epithelial cells at the basal regions.( c) In the small intestines of TCRa
2 / 2 £ AIM
2 / 2 mice, mild to moderate
polymorphic inﬂammatoryc ellular inﬁltrates were observed in the mucosall ayers (H&E, on the higher right corner). In the proper mucosal
layer, LTAi mmunoreactivity was located in the cytoplasm of inﬂammatoryc ells at the basal lesions.( d) In another TCRa
2 / 2 £ AIM
2 / 2
mouse,mild to moderatepolymorphic inﬂammatoryc ellular inﬁltrateswere observedin the mucosal layers of the smallintestine (H&E, on the
lower left corner). In the proper mucosal layer, LTAi mmunoreactivity was located in the cytoplasm of inﬂammatoryc ells at the basal lesions.
(e) In the submucosal layer, LTAi mmunoreactivity was observedi nt he connectivet issue and in the cytoplasm of some of the inﬂammatory
cells (arrow) in Peyer’sp atches.( f) In the colon, LTAi mmunoreactivity was detectable in the colon of all TCRa
2 / 2 £ AIM
2 / 2 mice. LTA
was detected in the cytoplasm of mucosal inﬂammatoryc ells and in the connectivet issue of the proper mucosall ayer.
Multifocal organ inﬂammation with LTA 375Smalli ntestine.I nt he smalli ntestine,m ild to
moderate polymorphici nﬂammatory cellular
inﬁltrates were observed in mucosall ayers of all
TCR a
2 / 2 £ AIM
2 / 2 mice (Figure2 c,d). LTA
immunoreactivity wasd etectablei nt he small
intestineo fa ll TCR a
2 / 2 £ AIM
2 / 2 mice.I nt he
proper mucosall ayer,L TA immunoreactivity was
locatedi nt he cytoplasm of inﬂammatoryc ells at the
basall esions.I nt he submucosal layer, LTA
immunoreactivity waso bservedi nt he connective
tissue andi nt he cytoplasm of some inﬂammatory
cellsi nP eyer’s patches( Figure 2e).
Colon.I nt he colon, severe colitis was observed in all
TCR a
2 / 2 £ AIM
2 / 2 mice [1].L TA immuno-
reactivity was detectablei nt he cytoplasm of mucosal
inﬂammatoryc ellsi na ll TCR a
2 / 2 £ AIM
2 / 2 mice
(Figure 2f).
Pancreas.I nt he pancreas,m arkedi nﬂammatory
cellulari nﬁltratesa round pancretaticd uctsw ere
observedi n4of the1 3( 30.7%) TCR a
2 / 2
£ AIM
2 / 2 mice.I nﬂammatoryc ells around
Figure 3. Pathological ﬁndings and immunohistochemical staining of LTAi nt he pancreas, kidney and spleen. (a) In the pancreas, marked
inﬂammatoryc ellular inﬁltrates around pancreatic ducts were observed( H&E, lower middle column). LTAw as located in the cytoplasm of
polymorphic inﬂammatoryc ells and in the stromal connectivet issue around pancreatic ducts (lower magniﬁcation in the left lower corner).
(b) InanotherTCRa
2 / 2 £ AIM
2 / 2 mouse, markedinﬂammatoryc ellular inﬁltrates around pancreaticductswereo bserved( H&E, lowerleft
corner). LTAwas also detected in the cytoplasm of polymorphic inﬂammatoryc ells and the stromal connectivet issue around pancreatic ducts
(immunohistochemistry). (c) In the kidney,m ild inﬂammatoryc ellular inﬁltrates around renal tubuli were observed (H&E, lower left corner).
LTAi mmunoreactivity was detected in the cytoplasm of polymorphic inﬂammatoryc ells, and in the stromal connectivet issues of the cortex.
(d) In another TCRa
2 / 2 £ AIM
2 / 2 mouse, LTAi mmunoreactivity was detected in the cytoplasm of some distal renal tubuli. Lower half
showsH &E staining of the sequential sliced section. (e) LTAi mmunoreactivity was mainly detected in the cytoplasm of lymphocytes in the
white pulp of the spleen. Lower left corner showsH &E staining. (f) In the same sample as (e), at ah igher magniﬁcation of the spleen, LTA
immunoreactivity was mainly detected in the cytoplasm of lymphocytes in the white pulp.
I. Haruta et al. 376pancreatic ductsc onsistedm ainlyo fn eutrophils
andafewl ymphocytes( Figure3 a,b).L TA
immunoreactivityw as detectable in the pancreaso f
TCRa
2 / 2 £ AIM
2 / 2 mice. LTAw as located in the
cytoplasm of polymorphic inﬂammatoryc ellsa nd the
stromal connective tissuea round pancreatic ducts
(Figure 3a,b).
Kidney.L TA was detectable in the kidneys of 5o f1 3
(38.4%) TCRa
2 / 2 £ AIM
2 / 2 mice, which showed
mild inﬂammatoryc ellular inﬁltrates around the renal
tubules( Figure4 c).L TA immunoreactivity was
detected in the cytoplasm of epithelial cells of some
distalr enal tubules (Figure4 c,d),p olymorphic
inﬂammatoryc ells (Figure 4d), and in the stromal
connective tissues of the cortex (Figure 4d).
Spleen.L TA immunoreactivity was detectable in the
spleenso fa ll TCR a
2 / 2 £ AIM
2 / 2 mice.L TA
immunoreactivity wasm ainly detected in the
cytoplasm of lymphocytes in white pulp (Figure 3e,f).
Discussion
In the presents tudy,w eﬁ rstd emonstrated that in
TCR a
2 / 2 £ AIM
2 / 2 mice, am arked accumulation
of LTAw as observed in the liver, especially the portal
area with inﬂammations (Figure 1a–f), as in stage 1–2
humanP BC liver [11]. LTAh as been considereda
surface reactive antigen and/or agent that mediates the
attachmento fc ertain bacteria to host tissues [11–13].
Basedo nt hese observations, we speculated that LTA
might affect the initiation and/or progression of bile
duct damagei nT CRa
2 / 2 £ AIM
2 / 2 mice, as in
early-stage PBC.
Second, we demonstrated that the inﬂammation
was observedn ot only in the liver and the colon [1],
but also in the stomach, small intestine, pancreasa nd
kidney (Figures 2a nd 3). Throughout these organs, it
appeared that the epithelium was the major target
organ for inﬂammations in TCR a
2 / 2 £ AIM
2 / 2
mice.I th as been reported that autoimmune
pancreatitis (AIP), which is characterizedb yacollar
of periductal inﬂammationh istologically [14],i s
occasionally observed in associationw ithP BC,
Sjo ¨gren’ss yndrome,a nd PSC [15]. The ﬁndings
Figure 4. Hypothetical circulating route of LTAi nT CRa
2 / 2 £ AIM
2 / 2 mice.At ﬁrst, bacteria and/or pathogensincluding LTAweret aken
from the epithelia of the gastrointestinal tract. LTAa nd/or bacterial components,a sw ell as other pathogens, reached the liverv ia portal blood
ﬂow.T hese LTAa nd/or LTA-containing materials would be drained toward the central vein in the liver.L TA immunoreactivities were
detectable not only in the liver and gastrointestinal tract, but also in the pancreas, kidney,a nd spleen. Via systemic blood ﬂow,L TA could be
trapped in other organs, which might possess ah igher afﬁnity to LTA( speculativer oute 1). LTAw as also detected within the cytoplasm of
hepatocytes.P erhapsLTAthat escapedto be phagocitized by Kupffer cellsis takeninto hepatocytes via sinusoidal blood ﬂowfromthe spaceof
Disse (speculativer oute 2). Thereare threepossible explanationsf or howLTAaccumulates aroundthe interlobular bile duct.One speculation
is that from the hepatocytes, via bile canaliculi to Herring’sc anal, LTAw as secreted and ﬁnally reached the interlobular bile ducts.T he other
speculationis that,because of regurgitation fromintestinal tract to bile ducts, LTAﬁ nally reached the interlobular bile ducts(speculativer oute
3). The third speculation is that, maybe because of the high afﬁnity of bile ducts to LTA, LTAa ccumulates around bile ducts via systemic
arterial blood ﬂow throughout route 1. After reaching the bile ducts, leakage of LTAa round bile ducts would occur.
Multifocal organ inﬂammation with LTA 377observed in TCRa
2 / 2 £ AIM
2 / 2 mice could be a
kind of multiple-organ inﬂammation. Interestingly, at
the sites of inﬂammation, LTAw as accumulated
mainly around the epithelium (Figures 2a nd 3). AIM
is thought to contribute to the clearance of dead cells,
as well as toxic reagentsi ncluding bacteria themselves
or LPS ands oo nb ym acrophages [3,4]. The lack of
AIM in TCR a
2 / 2 £ AIM
2 / 2 mice might result in a
more persistent localization of toxic reagents, perhaps
including LTA, at inﬂammatorys ites.
Throughout these studies, the origin of LTA, i.e.
identiﬁcation of the Gram-positive organismsr elease
it, was not determined. Gram-positive bacteria such as
Propionibacterium acnes, Staphylococcus aureus, Enter-
ococcusf aecalis, Bacillus subtilis , Streptococcus pyogenes
and so on contain LTA[ 16,17]. Out of these, P. acnes
DNA is present as am ajor clone in granulomas of
PBC livers[ 18]. E. faecalis couldc ause urinaryt ract
infections [19]. Although we did nott est fecala nd
urinaryc ulture in the present study,t heir examination
in TCRa
2 / 2 £ AIM
2 / 2 mice might be expected to
provide some additional information.
De Kimpee ta l. reported that theG ram-positive
bacterialc omponent LTAc an induce inﬂammatory
responsesa nd multiple organd ysfunction syndrome
(MODS) in rats,t ogetherw ithp eptidoglycan (PepG).
LTAa nd PepG from S. aureus actt ogether to elicit
widespread systemic inﬂammationi nt he liver, kidney,
pancreas,h eart ands keletalm uscle. However, LTAo r
PepG alonec ausedm inor inductiono fi nﬂammation
withoutMODS. IncontrasttoLPS,LTAorP epGdoes
notc ause lethalityo ro rgan toxity at an immunostimu-
latory dose in mice or rats [20].A lthoughw ed id not
examinet he regulationo fP epGi nT CRa
2 / 2
£ AIM
2 / 2 mice,w es peculated that prolongedl ow-
dose stimulationb yL TA couldc ause noti mmediately
lethal butc hronic inﬂammation, noto nlyi nt he portal
tracti nt he liverb ut also in av ariety of organs in the
abdomens of TCR a
2 / 2 £ AIM
2 / 2 mice.
We then,h ypothesized regarding thep ossible
circulating route(s) of LTA. As shown in Figure 4, at
ﬁrst, bacteria and/or pathogens includingL TA were
taken from the epithelia of the gastrointestinal tract.
LTAa nd/or bacterial components, as well as other
pathogens, reached the liver viap ortal blood ﬂow.
These LTAa nd/or LTA-containing materials would
be drained toward the central vein in the liver.L TA
immunoreactivities were detectable noto nlyi nt he
liver andg astrointestinalt ract,b ut also in the
pancreas, kidney,a nd spleen. Although we did not
study the serum levels of LTAi nt hese TCRa
2 / 2
£ AIM
2 / 2 mice, solubleL TA mighta ffect the
pathogenesis of multifocal inﬂammations in these
mice. Our ﬁndings would indicate thatv ia systemic
blood ﬂow,L TA couldb et rapped in other organs,
whichm ight possessahighera fﬁnityt oL TA
(speculative route 1i nF igure 4). However, LTAw as
also detected within the cytoplasm of hepatocytes
(Figure 1e,f). It has been reported thata lcohol-
induced liver injuryi nvolved an increase in circulating
endotoxins, leading to activation of Kupffer cells [21].
In our study,L TA was not detected in Kupffer cells.
Perhaps LTAt hat escapedt ob ep hagocitized by
Kupffer cells is takeni nto hepatocytes via sinusoidal
bloodﬂ ow from the spaceo fD isse (speculative route 2
in Figure 4). Furthermore, LTAw as detected within
hepatocytes, which were mainly located around the
central vein.G enerally,d rugs or toxins are thought to
be metabolizedt ot oxic intermediates predominantly
by zone 3h epatocytes [22]. It might be possible that
theL TA pathwayi ss imilar to that of toxic
metabolites,s ot hatL TA-positive hepatocytes were
detected around the central vein.
There are three possible explanations for howL TA
accumulates around the interlobular bile duct. One
speculation is that from the hepatocytes, via bile
canaliculi to Herring’sc anal, LTAw as secreted and
ﬁnallyr eached the interlobular bile ducts. The other
speculation is that, because of regurgitation from the
intestinal tract to bile ducts, LTAﬁ nallyr eached the
interlobularb ile ducts( speculativer oute 3i n
Figure 4). The third speculation is that, maybe
because of the high afﬁnity of bile ducts to LTA, LTA
accumulates around bile ducts via systemica rterial
bloodﬂ ow throughout route 1. After reaching the bile
ducts,l eakage of LTAa round bile ducts would occur.
Sakashita et al. describedt hat substantial alteration in
the tight junction may causei ncreased paracellular
permeability in cholestaticd isease, PBC [23]. It is not
certain whether the accumulation of LTAc auses the
inﬂammationa round bile ducts,o rb ecause of the
inﬂammation, permeability of bile ducts are up-
regulated allowing leakage of LTAt oo ccur in these
TCR a
2 / 2 £ AIM
2 / 2 mice. To study the mechanism
of accumulation of LTAa round bile ducts would
possibly provide us some insight into the bile duct
damage as well as multifocal organ (mainly, epithelial)
inﬂammationi nT CRa
2 / 2 £ AIM
2 / 2 mice.
In conclusion, LTAa ccumulation was observedi n
female TCRa
2 / 2 £ AIM
2 / 2 mice livers, correspond-
ing to portal inﬂammation and biliarye pithelial cell
damage, as in the human PBC liver.I nﬂammations in
TCR a
2 / 2 £ AIM
2 / 2 mice were observed not only in
the colon and liver, but in various other organsa sw ell.
Furthermore, at the site of inﬂammations in these
organs, marked accumulation of LTAwas observed,as
in the liver.A IM deﬁciency in TCRa
2 / 2 mice would
result in multifocal inﬂammation, perhaps in which
LTAw as involved. Studyingt he role of LTAi nt hese
TCR a
2 / 2 £ AIM
2 / 2 micem ight give us some
insight into MODS in TCRa
2 / 2 £ AIM
2 / 2 mice.
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